We used information from an angler recognition program to assess the relationship between lake-record weights of freshwater fishes captured by Texas anglers and two predictors of fish production and growth: reservoir surface area and growing-season length. The lake-record weights of two species, largemouth bass Micropterus salmoides and flathead catfish Pylodictis olivaris, were directly related to the logarithm of surface area. The record weights of all species studied were unrelated to growing-season length. Regardless of the statistical significance of individual correlations, there was a significant excess of positive correlations across all species between lake-record weights of fish and log surface area. This indicates the presence of a general relationship between the record weights of fish and reservoir area. Our results suggest that record weights of fish may be constrained by reservoir surface area.
The goal of fishery management is to provide opportunities for quality recreational fishing (Driver and Cooksey 1980) . To achieve this goal, fisheries must be managed to produce a variety of experiences or ''products'' (Driver 1985) because anglers differ in their species preferences (Spencer 1993; Wilde and Ditton 2000) , interest in harvesting or releasing captured fish (Fedler and Ditton 1986; Fisher 1997; Wilde et al. 1998) , and preferences for the number and size of fish captured (Hudgins 1984; Petering et al. 1995) . Catching trophy fish is not a primary motive for most anglers (Fedler and Ditton 1994; Ditton 1994, 2000) . Nevertheless, there is considerable angler interest in catching trophy-sized fish (e.g., Horton and Gilliland 1994; Hughes and Wood 1996) , particularly among anglers who participate in tournaments (Falk et al. 1989; Wilde et al. 1998) . To accommodate this interest, managers have attempted to increase the maximum size of fish through use of restrictive regulations, prey introductions, and genetic manipulation of fish populations (Gilliland and Whitaker 1990; Cofer 1994; Hughes and Wood 1996; Wilson and Dicenzo 2002) . Although there is no consensus as to what constitutes a trophy-sized fish, one operational definition is that a fish large enough to be recorded as having a state-or water-body-record weight can be considered a trophy (but see Gabelhouse (1984) for an alternative definition).
Many fishery management agencies have developed angler recognition programs that give ''awards to anglers who submit official affidavits for the catch of large fish'' (Quinn 1987) . A primary purpose of angler recognition programs is to stimulate interest and participation in recreational angling, but information collected as part of these programs also has been used to document changes in the maximum size of angled fish and to monitor fishery quality (e.g., Forshage et al. 1990 ). Beyond such descriptive uses, however, this information has received relatively little attention. In particular, we are aware of no analyses other than those of Modde and Scalet (1985) that attempt to ascertain relationships between the presence and size of trophy fish and causal factors (as suggested by Quinn 1987) that might guide agency efforts to increase the number and size of trophy fish available to anglers. In this paper we present an analysis of the relationship between lake-record weights of fishes caught by anglers in reservoirs and two indices of fish production and growth to determine whether the maximum weight of fishes can be predicted from reservoir characteristics.
Methods
We obtained lake-record weights of freshwater fish from the Texas Parks and Wildlife Department website (http://www.tpwd.state.tx.us/fish/infish/records/ -freshwater/arrwbr.htm) on 3 August 2002 (Table 1) . Because we anticipated differences in growth between fish captured from reservoirs and rivers as well as difficulties in obtaining meaningful measures of surface area for rivers, we studied only records for reservoir populations. We retained for analysis data for 13 species and 1 hybrid (hybrid striped bass) for which at least 25 records were available from reservoirs. All fish were captured by anglers using rod and reel. We correlated lake-record weights of fish with two predictors of fish pro-TABLE 1.-Lake record weights of fish, reservoir surface area, growing-season length, and correlations between lakerecord weights of fish and log 10 surface area and growing-season length for 13 species and 1 hybrid of fish captured by anglers from Texas reservoirs. A single asterisk indicates significance (P Յ 0.05) for an individual correlation; two asterisks indicate tablewide significance (P Յ 0.05) based on the sequential Bonferroni adjustment. duction and growth: reservoir surface area, which is a general predictor of fish yield and standing crop (Jenkins and Morais 1971; Hanson and Leggett 1982; Youngs and Heimbuch 1982) , and growing-season length (number of frost-free days in the year), which is a general predictor of fish yield (Jenkins and Morais 1971; Schlesinger and Regier 1982) and growth (Tomcko and Pierce 2001; Wilde and Muoneke 2001; Pope et al. 2004) . We obtained measures of reservoir surface area from Texas Parks and Wildlife Department's Lake Categorization File, a database of morphometric and biological characteristics of Texas reservoirs. Information on growing-season length was obtained from Ramos (1995) . We used Pearson's product-moment correlation coefficient to assess the relationship between lakerecord weights of fish and reservoir surface area and growing-season length. Reservoir surface area spanned five orders of magnitude, so we use a log 10 transformation to reduce skew in this variable. The lake-record weights of fish and growing-season length required no transformation. To limit the probability of falsely rejecting null hypotheses, we used the sequential Bonferroni adjustment (Rice 1989) with a tablewide significance level (␣) of 0.05 to evaluate correlations. We expected to observe positive correlations for all species between lake-record weights and log surface area (Jenkins and Morais 1971; Hanson and Leggett 1982; Youngs and Heimbuch 1982) and growing-season length (Jenkins and Morais 1971; Schlesinger and Regier 1982) . We used one-tailed binomial tests (Siegel 1956) to determine, regardless of the sta-tistical significance of individual tests, whether there was an excess proportion of positive correlations between the lake-record weight of fish and log surface area and growing-season length. Under the null hypothesis of no correlation, we expected 50% of the correlations to be positive and 50% to be negative. All statistical analyses were performed with SAS software (SAS Institute 1999).
Results
The number of lake-record weights of fish from reservoirs ranged from 25 (longear sunfish) to 196 (largemouth bass). Reservoir surface areas ranged from less than 1 ha to 74,870 ha, and growing seasons ranged from 186 to 341 d (Table 1) . Correlations between the record weights of fish and log surface area were significant (P Ͻ 0.05) only for flathead catfish and largemouth bass based on the sequential Bonferroni adjustment (Table 1) . No correlation between record weight and growing season was significant based on the sequential Bonferroni adjustment.
Across species and regardless of the significance of individual correlations, we observed an excess proportion of positive correlations (13 of 14; P Ͻ 0.0001) between the record weights of fish and log surface area. This suggests that lake-record weights of fish caught by anglers show a tendency to increase with reservoir size. We observed no evidence of an excess proportion of positive correlations (7 of 14; P ϭ 0.605) between the record weights of fish and growing season. 
Discussion
We observed a direct relationship between the lake-record weights of fish and reservoir surface area. The strength of this relationship varied among species, being strongest in flathead catfish and largemouth bass and less evident in other species studied. Our results for largemouth bass are consistent with those of Hendricks et al. (1995) , who observed that angler catch rates of memorable-size (Ն2.27 kg) black bass Micropterus spp. in tournaments were positively correlated with reservoir surface area. For several species, we believe that the strength of the relationship between record fish weights and reservoir surface area was obscured by the scarcity of established records from smaller reservoirs. This resulted in both small sample sizes for some species (Table 1 ) and the availability of records from only a limited size range of reservoirs.
The relationship between lake-record weights and surface area implies that, on average, larger water bodies produce larger fish. We expected this result because of the general relationship between reservoir (or lake) size and fish production (Jenkins and Morais 1971; Hanson and Leggett 1982) . We reasoned that larger reservoirs produce, on average, a greater mass and number of fish. Therefore, these reservoirs should be better able to support the energetic needs of the largest fish. Further, if fish reach large size because of a fortuitous combination of genetic potential and chance, larger reservoirs again would be expected to outperform smaller reservoirs because they produce greater numbers of individuals and, therefore, have a greater number of tickets in the lottery. Finally, large fish may be less vulnerable to capture in larger reservoirs, allowing them to live longer and reach greater size. Reservoir surface area is inversely related to mean depth (e.g., Ryder 1982) , which is itself directly related to lake productivity (Rawson 1952) . Therefore, the observed relationship between the record weights of fish and surface area is unlikely to be due to systematic differences among reservoirs in productivity. We note that our results are specific to angled record weights from individual Texas reservoirs and have no necessary bearing on the question of which reservoirs produce the greatest numbers of trophy-size fish.
Growing-season length varied by as much as five months (range ϭ 186-341 d) among the reservoirs in our sample, yet we observed no relationship between record weights and growing season. We did not anticipate this result because growth rates of several of our study species-bluegill (Tomcko and Pierce 2001) , largemouth bass (Miranda and Durocher 1986) , white bass (Wilde and Muoneke 2001) , and white crappie (Pope et al. 2004 )-are correlated with growing-season length. Our results can be reconciled with those studies by recognizing that they describe mean growth. In any population there will be individuals that grow less than average and those that grow more. Our analyses presumably consider only the small number of individuals that exhibit the greatest growth and consequently reach record weight.
Previous studies of trophy fisheries (e.g., Hughes and Wood 1996; Crawford et al. 2002; Wilson and Dicenzo 2002) have described physical and biological characteristics of specific water bodies that appear to be important in producing trophy fish. This approach is particularly useful in identifying factors that might be used as general predictors of the production and abundance of large fish. However, such descriptions frequently consider only one species and emphasize unique features or conditions that would be difficult, if not impossible, to replicate elsewhere. A second approach to assessing conditions favorable for producing trophy or record-weight fish is to compare fish populations from a number of water bodies and determine which general factors are the best predictors of trophy fish production. Such analyses commonly are limited by the quality and quantity of information available on physical and biological characteristics of the study waters. For example, Oglesby (1977) found that nutrient concentrations were better predictors of fish yield than were morphoedaphic characteristics such as mean depth and surface area. Nevertheless, our results show that this approach can provide general insight into mechanisms affecting the production of trophy fish.
Management Implications
Lake-record weights of fish caught by anglers are directly related to reservoir surface area. This relationship can provide managers with guidance in setting realistic goals for producing trophy-sized fish in smaller water bodies. Despite angler interests and the best management intentions, the maximum size of fish that can be produced in a water body of given size has an upper limit. We believe that scatter plots and regressions of lake-record weights of fish on log surface area might be useful as a preliminary diagnostic tool for management of trophy fisheries. Record weights of fish that are much smaller or larger than expected based on water body size might warrant management attention. Although our study examined a relatively small number of species that were captured from reservoirs, we believe that our results are applicable to other species and types of aquatic habitats. For example, record weights of stream fish captured by anglers are likely to be directly related to watershed or drainage basin area.
Several authors have recommended that fishery managers use angler-supplied catch data with caution (e.g., Gabelhouse and Willis 1986; Lucy and Davy 2000; Crozier and Kennedy 2001) . Often fish captured by anglers are, on average, larger than those captured by standard fishery sampling gears. In assessing the potential of a reservoir for pro-ducing trophy-size fish, this bias in angler-supplied data is advantageous because we are interested in samples that indicate maximum, not average or representative, sizes of fish. In addition, use of information from angler recognition programs, as suggested here, may have the benefit of increasing goodwill and communication between management agencies and the angling public (Brown 1996) because use of these data is a clear indication of both angler success in catching desirablesized fish and manager commitment to producing such fish. The potential usefulness of data derived from angler recognition programs in understanding production of trophy-size fish warrants further study. Because sampling gears used by managers (Murphy and Willis 1996) and anglers (Gabelhouse and Willis 1986; Crozier and Kennedy 2001) are selective for certain sizes of fish, a better understanding of the selectivity of angling gears (e.g., Wilde et al. 2003) would facilitate the analysis and interpretation of angler-supplied data.
